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EXECUTIVE  SUMMARY 


In  August  1985,  the  Guidance  and  Airborne  Systems  Branch  (ACT-140)  received  a 
formal  request  through  Federal  Aviation  Administration  (FAA)  Headquarters, 
Helicopter  Program  Branch  (APM-720),  from  the  Southwest  Region  Rotorcraft 
Directorate  (ASW-110)  to  supply  a  "trend  analysis"  to  demonstrate  a  trend,  if 
any,  associated  with  the  decision  height  (DH)  through  missed  approach  phases  of 
precision  approaches  flown  in  a  production  S-76A  at  a  minimum  instrument 
raeterological  conditions  airspeed  (Vmini)  of  40  knots  indicated  airspeed 
(KIAS ) .  This  work  was  prompted  by  the  certification  testing  of  the  S-76A  for  a 
lower  Vm£nj  conducted  by  the  New  England  Certification  Office  (ANE-150) 
performed  at  Battery  Park  Heliport,  New  York, in  May  1985.  During  this  test  phase 
only  four  missed  approaches  were  flown. 

An  additional  24  missed  approaches  were  recorded,  flown  by  three  subject  pilots, 
at  3  ,  6  and  7.5°  glidepaths  using  microwave  landing  system  (MLSl  precision 
guidance  to  a  heliport. 

Airborne  data  has  been  reduced  to  graphic  plots  that  provide  a  visual 
description  of  the  approach  and  summarized  mathematically  to  provide  statistics 
regarding  performance  indicators.  These  data  were  forwarded  to  ASW-110. 

The  data  demonstrated  that  subject  pilots,  with  minimal  training,  were  anlc  to 
transition  from  a  raw-data  guided  MLS  precision  approaches  at  elevation 
(glidepath)  angles  ranging  from  3°  to  7.5°  to  the  missed  approach  without 
excessive  difficulty  or  excessive  loss  of  altitude. 

The  results  of  the  analysis  contained  in  this  report  can  be  used  to  further 
refine  and  establish  procedures  for  reducing  the  Vmini  when  flying 
precision  approaches  to  heliports. 


INTRODUCTION 


This  flight  test  program  was  a  follow-on  to  the  evaluation  of  the  Sikorsky 
S-76A  by  the  New  England  Region  Certification  Office  (ANE-150)  evaluating  the 
aircraft  for  instrument  final  approach  speeds  below  minimum  instrument 
meterolog ical  conditions  airspeed  (Vmini).  This  test  was  conducted 
from  May  21  through  May  31,  1985.  The  program  was  initiated  in  response  to 
Sikorsky  letter  COL— 85— 8500  dated  April  2,  1985.  The  evaluation  criteria  was 
provided  in  a  letter  from  the  Southwest  Rotorcraft  Directorate  (ASW-110),  see 
appendix  A- 1 .  The  test  helicopter  was  a  Sikorsky  S-76A,  serial  number  760053, 
registration  number  6702.  Eight  flights  for  a  total  of  12.2  hours  of  flight 
time  were  flown,  which  included  two  instrument  landing  system  (ILS)  approaches 
and  36  microwave  landing  system  (MLS)  approaches  flying  6°  and  9°  glideslopes 
utilizing  the  MLS  at  Battery  Park  Heliport  (reference  1).  Based  on  the 
testing,  ANE-150  recommended  to  ASW-110  that  the  Sikorsky  S-76A, equipped  with 
the  Sperry  SPZ-7000  Dual  Digital  Automatic  Flight  Control  System  (DDAFCS) 
operating  in  the  ATT  inode,  demonstrated  acceptable  flight  characteristics  during 
instrument  final  approaches  using  airspeeds  between  Vmjnj  ,qnj  40  knots 
indicated  airspeed  (KIAS)  with  the  following  limitations: 

1.  A  minimum  crew  of  two  helicopter  instrument  rated  pilots. 

2.  A  minimum  approach  airspeed  of  40  KIAS. 

1.  A  maximum  crosswind  component  of  15  knots. 

4.  A  maximum  glide path  of  7.5°. 

3.  A  suitable  graundspeeJ  indicator  must  be  available  (i.e.,  precision 
distance  measuring  equipment  (DME/P),  distance  measuring  equipment  (DME),  or 
i.oran  C  or  Area  Navigation  ( RNAV) ) . 

6.  A  suitable  indication  of  a  declaration  point  prior  to  glidepath 
interception  I'DME,  very  high  frequency  omnidirectional  range  (VOR)  radial, 
nondirection  beacon  ( NDB )  ,  marker  beacon  (MB),  etc.). 

7.  Installation  of  approved  instrument  precision  approach  receiver  equipment 
V.  ILS  or  MLS)  . 

8.  An  approved  instruction  manual  (rotorcraft  flight  manual  (RFM)  supplement , 
etc.)  must  he  available. 

H.  Trie  Sperry  SFZ-7000  flight  director  may  be  used  in  the  3  cue  mode,  but  n.iv 
not  be  coupled  to  the  automatic  flight  control  system  (A^’OS).  Coupled  AFCS 
(automatic  pilot)  approaches  below  Vmjnj  are  not  authorized.  Flight, 
director  2  cue  (azimuth  and  glidepath)  approaches  are  nit  authorized  at 
airs  pe  ed  s  be  1  ow  V.n  j  ■ 

In  August  1485,  ACT- 140  received  a  request  from  the  ASW-110  to  supple  1  "trend 
analysis"  to  demonstrate  a  trend,  it  any,  associated  witli  the  decision  heigh? 

1311)  1 11  r  >ugh  mi  ssed  appr  >a  h  phases  .,{  precision  appr  >aches  fl>wn  .  0  a 
production  S-76A  at  1  V.ni:1;  ,f  40  KIAS  (see  appendix  »)  .  During  the 
i.e  r  t  1  1  i  c  a  t  1  o  11  office  test  ph  a  s**  o  a  1  v  four  missel  approaches  wo  re  flown.  , 


obtain  additional  missed  approach  data,  24  approaches  were  flown  at  3°,  6°,  and 
7.5’  glidepaths  to  a  collocated  MLS  installed  at  the  Interim  Concept 
Development  Heliport  at  the  FAA  Technical  Center. 

OBJECTIVE. 

The  purpose  of  these  tests  flights  was  to  augment  data  collected  by  United 
Technologies  Corporation,  Sikorsky  Division,  during  flying  40-knot  minimum 
instrument  (Vm£n£)  airspeed  certification  test  flights.  The  original 
certification  tests  flights  were  conducted  in  May  1985  at  the  Battery  Park 
Heliport  in  New  York  City. 

BACKGROUND . 

Below  are  the  main  issues  relating  to  decreasing  the  Vra£nj  of  the  S-76A 
helicopter  from  60  KIAS  to  40  KIAS. 

1.  There  are  two  reasons  to  reduce  Vmini.  The  primary  reason  is  to 

reduce  the  distance  required  to  decelerate  from  DH  to  full  stop  at  a  heliport. 

The  existing  Vm£n£  for  most  S-76A  aircraft  (60  KIAS)  requires  approximately 
3000  feet  (assuming  a  0.05g  deceleration  limit)  to  decelerate  to  a  hover  in  a 
normal  manner  (see  appendix  D) .  However,  decelerating  from  40  KIAS  only  requires 
approximately  1500  feet  to  perform  the  same  maneuver.  This  distance  remains 
essentially  constant  regardless  of  the  approach  angle  the  pilot  has  selected. 
Thus,  as  the  approach  angle  increases,  the  height  above  landing  (HAL)  at  which 
the  pilot  must  have  visual  contact  with  the  landing  environment  also  increases. 
With  the  lower  Vra£n£,  just  as  the  distance  to  decelerate  can  be  reduced 
by  one-half,  the  HAL  can  be  reduced  by  one-half.  As  a  result,  the  approach 
minimums  for  steep  angle  approaches  can  be  reduced  below  the  minimums  which  can 
be  obtained  with  a  highe  r  ^mini*  Another  reason  to  reduce  Vm£n£  is  to  reduce 
the  rate  of  descent  required  to  maintain  the  desired  glidepath.  The  maximum 
desired  rate  of  descent  has  been  determined  through  prior  testing  to  be  no 
greater  than  900  feet  per  minute  (fpm).  Flying  a  Vmjn£  of  60-knot 
indicated  airspeed  (IAS)  and  a  l^-knot  tailwind  on  a  6°  approach  angle,  the  rate 
of  descent  is  795  fpm.  Without  the  tailwind  the  rate  of  descent  is  635  fpm. 
However,  with  a  Vm£n£  of  40  KIAS  with  a  15  knot  tailwind,  the  maximum 
rate  of  descent  would  be  only  581  fpm.  Without  the  tail  wind  the  rate  of  descent 
is  421  fpm.  A  Vm£a£  of  40  KIAS  allows  a  greater  acceptable  tailwind 
component  to  be  present  when  flying  steeper  glidepaths  than  would  allowed  with  a 
vmini  of  60  KIAS. 

2.  Another  potential  issue  in  reducing  Vm£n£  is  that  aircraft  stability 
is  affected  by  the  reduction  of  airspeed,  and  additional  equipment  may  be 
required  to  provide  the  necessary  static  and  dynamic  stability.  As  any 
helicopter  reduces  its  approach  speed  to  less  than  the  best  lift  over  drag  speed 
(74  KIAS  for  the  S-76A),  aircraft  stability  is  reduced.  This  stability  reduction 
may  require  additional  aircraft  equipment  to  reduce  the  resultant  workload  on  the 
pilot.  The  current  Vmjnj  is  aircraft  equipment  dependent.  For  the  S-76A 
equipped  with  a  3  cue  (3  axis)  flight  director  system  and  AFCS,  a  reduction  of 
^mini  to  50  knots  is  permitted.  For  an  S-76A  equipped  with  only  a  2  cue 

(2  axis)  fligh  director,  with  or  without  AFCS,  a  Vra£nj  of  60  KIAS  is 
permitted . 


3.  When  living  steep  angle  approaches  at  a  V.„jni  of  less  than  the  best 
lift  over  drag  speed  (Vy/  (figure  1),  National  Aeronautics  and  Space 
Administration  (NASA) /Federal  Aviation  Administration  (FAA)  flight  tests  have 
shown  that  different  flight  techniques  must  be  used.  Flight  on  the  backside  of 
the  power  curve  requires  strict  airspeed  control.  Small  vertical  corrections 
required  to  track  a  glide  slope  are  not  made  with  a i r speed / p i t ch  attitude 
change  as  can  be  done  when  operating  on  the  front  side  of  the  power  required 
curve.  Powe r /to  1 1 ec t i ve  must  be  the  primary  control  used  in  glide  slope 
tracking  during  low  speed  (airspeeds  less  than  Vy)  approaches.  Lower  approach 
speeds  greatly  amplify  the  effect  of  any  wind.  Another  wind  related  problem 
occurs  as  tire  wind  speed  nears  the  approaeh  airspeed,  the  ground  speed  of  the 
helicopter  may  become  so  slow  that  the  rate  of  closure  to  the  Lulling  site  is 
unacceptably  low.  The  relative  direction  of  the  wind  to  the  helicopter  and 
desired  approach  path  may  also  induce  significant  tracking  problems,  such  as, 
when  the  erosswind  velocity  equals  the  forward  velocitv  of  (he  helicopter.  In 
this  case,  the  required  correction  to  stay  on  the  course  centerline  is  HO  °  off 
ia<  no  wind  inbound  heading  and,  of  course,  the  helicopter  would  never  get  to 
1  he  he  1  l  port  unless  the  aircraft  was  flown  in  a  "sideslip"  to  maintain  the 
nurse  to  f  he  he  1  i  po  r t  . 

1  !ie;e  changes  in  techniques  wi  1  1  require  additional  pi  1  it  training  ,ri  i 
idditionnl  aircraft  equipment  (  i  .  o  .  ,  a  3-axis  flight  director  optimized  for  low 
^neud  approaches)  to  achieve  lower  V,njnj.  Both  requirements  touch  on 
1  g  a  la  t  or  v  issues. 


METHODS 


>  VS  I  M  K(£ ’  1  PMKNT  JLKSCR IP T  1_0_N  . 

•eeh’SD  Ei.ifLiddtWLIjlS.  The  MLS  utilized  for  this  project  was  developed  for  the 
■ 1  'part ;  1.-  or  of  Transport  at  ion  (.DOT)/ FAA  by  the  Hazel  tine  Corporation.  This  is  a 
or  itntvpe  node  1  2v.H)  MLS  consisting  of  two  basic  functional  element  s ,  elevation 
1  tui  azimuth  ( A/.)  ,  supplemented  with  DME/P .  These  elements  are  collocated 
;  t  no  heliport.  This  system  radiates  the  compatible  Timed  Reference 
'••'•tin  i  ng  Beam  (  fRSH  1  t  ormat  consisting  of  a  preamble  and  a  TO- FRO  scanning  beam 
in  earn  case.  This  system  provides  proportional  guidance  through  approximate! v 
+ 1 D  AM,  and  1°  to  1 S*  in  KL.  P.ME  ■  P  was  provided  hv  a  t’.H.  Marine  Corps 

Apnr  >ach  Landing  Svstem  (a  tact  i  ll  MLS  with  DME/P 1  situated  abeam  the  AC  and  FI, 

antennas  providing  slant  range  distance  measurement s  to  both  antennas  ( see 
!  i  g  u  r  *  .1). 

')  ’d  t  t  ted  He  nd  i  <  MLS  Service  !'  »s  t  ind  Evaluat  ion  Program  (STEP)  receiver  wa-- 
utilica'd  tor  this  test.  The  receiver  was  modified  utilising  r  lie  'ritinii  id  A 

STSP  format  with  the  course  widths  set  to  +1.6°  A/,  and  an  EL  course  width  of  + 

selected  angle  j.  The  course  deviation  information  was  lisnlaved  on  the  pilot 
horizontal  situation  indicator  fiLSl).  See  figure  3. 

IT.  S 1'  AIRCRAFT.  The  lir  r.it't  utilised  during  tilts  }  )  i  giit  tost  w  i'  a  r"  '  iu  ••  ten 
s  i  KorsK  v  S-  7;iA  ,  serial  numhe  r  ?  nOOOS  1 ,  registr.it  i'll  another  N- 3S  .  it  is 
equipped  with  a  Sperry  SHE- /'id  He  I  ; pi  I ot /He  I v i s  [I  A  it  mi  a  t  i  c  Flight 


i  iiitt  f  ■  i 


fj 


150'  x  150'  LIGHTED  HELIPORT 


System  and  a  HELCIS  Flight  Director.  However,  for  this  test  only  raw  data 
information  was  displayed  on  the  pilot's  HSI.  The  aircraft  is  certified  for 
single  pilot  instrument  flight  rule  (IFR)  operations  with  a  minimum  instrument 
meterological  conditions  (IMC)  airspeed  (Vmjni)  of  60  knots  and  is 
representative  of  the  IFR  certified  helicopters  currently  in  use. 

The  Flight  Control  System  (FCS)  in  this  test  aircraft  differed  from  the  FCS 
used  in  the  certification  test  aircraft,  the  Sperry  SPZ-7000.  These  systems 
are  fully  described  in  reference  2.  The  SHZ-760  is  a  dual  Helipilot  system 
consisting  of  two  independent  control  systems,  each  fully  capable  of 
controlling  the  helicopter  pitch  and  roll  axes.  Each  Helipilot  has  separate 
electrical  systems  and  gyro  references.  The  Helipilots  feed  servos  mounted  in 
series  with  the  aircraft  control  rods.  Automatic  trim  of  the  roll  and  pitch 
axes  refines  control  accuracy  and  further  reduces  pilot  workload.  The  SHZ-760 
system  also  contains  a  complete  flight  director  which  can  operate  independent 
of  the  Helipilots  to  provide  the  pilot  with  visual  flight  director  commands. 

For  fully  automatic  flightpath  control,  the  flight  director  system  is  coupled 
to  the  Helipilot  system. 

The  Sperry  SPZ-7000  DDAFCS  is  a  completely  integrated  digital  autopi lot / f 1 i ght 
director/air  data/auto  trim  system  which  has  a  full  complement  of  horizontal 
and  vertical  flight  guidance  modes.  These  include  all  radio  guidance  modes, 
Loran  C,  RNAV  tracking  and  air  data  oriented  vertical  modes.  However,  attitude 
mode  and  coupled  collective  are  also  available  to  the  pilot.  When  engaged  and 
coupled,  the  flight  director  will  control  the  aircraft  using  the  same  commands 
displayed  on  the  attitude  director  indicator.  The  instruments  act  as  a  means 
to  monitor  the  performance  of  the  autopilot.  When  the  autopilot  is  not 
engaged,  the  same  modes  of  operation  are  available  for  the  flight  director 
only.  The  pilot  maneuvers  the  aircraft  to  satisfy  the  flight  director 
commands,  as  does  the  autopilot  when  it  is  engaged. 

The  biggest  control  differences  between  the  SHZ-760  and  the  SPZ-7000  are: 

SHZ-760  SPZ-7000 

AFCS  in  2  axes  AFCS  in  4  axes 

(pitch,  roll)  (pitch,  roll,  yaw,  collective) 

Heading  hold  (roll  axis)  Heading  hold  (yaw) 

Collective  cue  in  (goaround  Collective  cue  in  all  modes  (coupled) 

(GA)  only  (not  coupled) 

Not  Compatible  with  the  Compatible  with  the  Electronic  Flight 

Electronic  Flight  Instru-  Instrumentation  System 

mentation  System 

The  aircraft  was  operated  between  approximately  500  to  1500  pounds  below  the 
maximum  gross  weight  of  10,300  pounds.  However,  this  was  not  considered  as  a 
critical  parameter  in  the  test  since  no  one  engine  inoperative  (OEI)  procedures 
were  flown.  The  center  of  gravity  (CG)  for  each  flight  was  approximately 
204  inches  (see  figure  4). 

SUBJECT  PILOTS.  The  subject  pilots  selected  for  this  test  were  local  F AA 
pilots.  It  was  decided  to  utilize  local  pilots  due  to  the  small  number  of 
approaches  to  be  performed.  Each  pilot  was  qualified  in  the  S-76A  and  familiar 
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with  steep  angle  approach  techniques.  Each  pilot  possessed  at  least  a 
rotorcraft  commercial/ instrument  flight  rating.  The  pilots  had  an  average  of 
200  hours  of  instrument  time  (actual  or  simulated). 

AIRCRAFT  TRACKING.  Two  different  ground-based  aircraft  tracking  systems  were 
used  simultaneously  during  this  test.  The  systems  used  were  an  optical  system, 
A  GTE  Precision  Automated  Tracking  System  (PATS),  and  a  radar  system  called 
Extended  Area  Instrumentation  Radar  (EAIR).  Using  both  systems  provided 
redundancy  and  permitted  a  higher  degree  of  continuous  tracking  coverage. 

A  primary  tracking  system  was  identified  dependent  on  target  location.  For 
areas  within  2  nautical  miles  (nmi)  of  the  MLS  ground  equipment  and  the  area 
containing  the  missed  approach  segment  PATS  tracking  was  selected  to  be  the 
primary  system,  while  EAIR  was  used  to  fill  in  where  PATS  data  were  not 
availab  le . 

EAIR  TRACKER.  The  Technical  Center's  EAIR  is  a  model  661,  precision  C-band 
instrumentation  radar  system  that  was  designed  to  measure,  record,  and  display 
an  aircraft's  position  in  slant  range  and  AZ  and  EL  angles.  In  the  primary 
tracking  mode  (skin  track),  EAIR  has  a  maximum  tracking  distance  of  100  nmi. 

In  the  secondary  mode  (beacon),  it  has  a  range  of  190  nmi.  In  either  mode  it 
has  a  minimum  tracking  distance  of  1  nmi.  Recorded  data  are  sent  to  the 
computer  facility  and  post-flight  processed  in  the  same  manner  as  the  PATS 
data.  A  detailed  description  of  both  tracking  systems  is  presented  in 
reference  3. 

GTE  (PATS).  The  GTE  PATS  is  a  mobile  laser  tracking  and  ranging  system.  It 
gathers,  records,  and  displays  space  position  information  on  a  wide  variety  of 
vehicles  and  targets  in  real  time  with  great  accuracy.  Self-contained  in  a 
mobile  van,  PATS  requires  two  operators.  PATS  measures  AZ,  EL,  and  range 
automatically  by  transmitting  a  laser  pulse  to  a  target  and  measuring  the  angle 
of  return  and  the  round  trip  time.  These  data  are  then  recorded  on  a  Digital 
PDP  11/34  system  and  processed  to  be  merged  with  EAIR  data  and  the  airborne 
data  to  yield  airborne  position  plots,  system  error,  and  flight  technical 
error.  Performance  characteristics  of  the  PATS  tracker  are  depicted  in 
table  l. 

APPROACH  PROCEDURES.  Twenty-four  approaches  for  data  were  flown  each  beginning 
from  a  turn  on  to  the  final  approach  course  at  4  nmi.  The  aircraft  was  slowed 
to  40  KIAS  by  the  pregl ides  lope  intercept  deceleration  point  (2.3  DME ) .  The 
flight  test  profiles  are  depicted  in  table  2.  Approach  plates  for  the  three 
different  EL  angles  flown  to  the  heliport  are  shown  in  figures  5  to  7.  The 
40  KIAS  was  maintained  throughout  the  duration  of  the  approach  to  DH.  At  DH  a 
straight  ahead  climb  was  initiated  to  500  feet  MSL  followed  by  a  climbing  left 
turn  to  heading  160°  leveling  off  at  1600  feet  m.s.l.  Following  the  approaches 
to  the  heliport,  two  subjects  flew  one  approach  to  runway  31  to  perceive 
workload  differences  flying  at  Vmini  0f  40  KIAS  to  a  split  site  MLS. 

The  approach  plate  for  the  runway  31  approach  is  presented  in  figure  8.  These 
approaches  were  not  tracked  due  to  the  alignment  of  the  trackers.  However,  the 
subjects'  comments  were  recorded  by  the  airborne  data  technician. 


TABLE  1.  PATS  TRACKER  PERFORMANCE  CHARACTERISTICS 


1 .  Absolute  Accuracy. 

Azimuth:  0.1  milliradian  (rarad)  for  all  ranges 

Elevation:  0.1  mrad  for  all  ranges 

Range:  +0.5  meters  for  target  ranges  of  200  to  10,000  meters 

+1  meter  for  target  ranges  of  10,000  to  30,000  meters 

2 .  Data  Sample  Rate: 

100,  50,  20,  or  10  sample  sets  per  second,  selectable. 

3 .  Angular  Coverage: 

AZ:  +420° 

EL:  -5 *  to  +85° 

4.  Acquisition  Dynamics  (manual  or  automatic) 

Maximum  angular  rate  ( AZ  and  EL  ):  2  radians/second. 

Maximum  angular  acceleration  (AZ  and  EL  ):  500  mrad/sec^ 


TABLE  2.  FLIGHT  TEST  PROFILES 


Run 

EL 

No  Wind  Rate  of 

Distance  to 

No. 

Angle  (deg) 

Descent  (fpra) 

DH  (ft) 

Decel.  (ft)1 

1 

3.0 

200 

200 

3818 

2 

7.5 

550 

200 

1520 

3 

6.0 

450 

200 

1902 

4 

7.5 

550 

200 

1520 

5 

3.0 

200 

200 

3818 

6 

6.0 

450 

200 

1902 

7 

7.5 

550 

200 

1520 

8 

3.0 

200 

200 

1902 

9 

6.0 

450 

200 

1902 

10 

3.0 

200 

200 

3818 

ILS  to 

runway  13  or  3.0° 

MLS  to  runway  31  with 

missed  approach 

as  in  the  test 

Not  tracked. 


*The  minimum  distance  to  decelerate  from  40  KIAS  is  about  1500  feet.  The 
distances  to  decelerate  for  the  test  was  based  on  the  DH  for  Category  I 
operations.  This  was  the  same  criteria  utilized  by  Sikorsky  in  the  original 
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Altitudes  for  intercepting  the  elevation  were: 


3°  EL  -  700  feet 

6°  EL  -  1400  feet 

7.5°  EL  -  1600  feet 

Each  approach  was  flown  to  a  DH  of  200  feet.  The  deceleration  dist  inoe.s  from 

DH  to  touchdown  are  shown  in  table  3. 


TABLE  3.  DH  TO  TOUCHDOWN  DECELERATION  DISTANCES 


EL  Angle 


Di stance 


3° 

6° 

7.5° 


3818  feet  or  0.6  nmi 
1902  feet  or  0.3  nmi 
1520  feet  or  0.25  nmi 


In  the  certification  heliport  MLS  testing  at  Battery  Park  (append. x  C),  it  was 
recommended  to  approve  MLS  heliport  approaches  as  a  two-pilot  procedure.  In 
this  test  the  crew  composition  consisted  of  two  pilots.  The  duties  of  the 
copilot  were: 

1.  Performing  necessary  radio  communications. 

2.  Reading  checklists. 

3.  Clearing  all  turns, 

4.  Calling  out  altitudes  j+500  feet  and  +100  from  assigned  or  desired 
a  1 1 i tudes . 

5.  Setting  avionics  equipment  for  the  approach. 

6.  Calling  the  deceleration  point  2.5  DME  from  the  heliport. 

7.  Announcing  go  around  at  DH . 

8.  Flying  the  aircraft  after  the  level  off  at  1600  feet  on  the  missed 
approach . 

Airspeed  while  on  downwind  was  maintained  at  between  90  to  120  KIAS.  Before 
reaching  the  4  nmi  DME  fix  outbound,  while  the  pilot  was  setting  the 
instruments  for  the  approach,  the  copilot  leveled  off  at  the  desired  altitude 
for  the  approach.  A  turn  to  a  heading  of  045°  was  performed  to  intercept  the 
inbound  course  one  mile  prior  to  the  deceleration  point  (3.5  nmi  DME).  Once 
established  on  the  inbound  course,  the  subject  began  to  decelerate  so  as  to  be 
stabilized  at  40  KIAS  at  the  deceleration  point  (2.5  nmi  DME).  This  speed  was 
maintained  throughout  the  approach  to  DH .  Once  established  on  the  approach, 
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the  AZ  was  maintained  with  the  cyclic  while  the  EL  was  maintained  with  the 
collective,  using  the  "backside"  of  the  power  curve  approach  techniques.  At 
DH,  which  was  200  feet  radar  altitude,  the  pilot  initiated  a  missed  approach. 

After  leveling  the  aircraft  at  1600  feet  m.s.l.  on  the  missed  approach,  the 
safety  pilot  took  over  the  controls  while  the  subject  responded  to  the  approach 
evaluation  conducted  by  the  data  collection  technician.  The  pilot  was  hooded 
to  simulate  instrument  raeteorlogical  conditions  during  the  entire  approach  and 
missed  approach  segments.  Following  each  run  the  subject  was  asked  to  rate  the 
approach  to  DH  and  the  missed  approach  according  to  the  Cooper  Harper  rating 
scale. 

The  subjects  flew  three  approaches  to  a  DH  of  200  feet,  at  each  of  the 
EL  angles  3°,  6°,  and  7.5°. 

DATA  REDUCTION 


Various  aircraft  performance  data  are  obtained  from  sensors  onboard  the 
aircraft  and  recorded  on  magnet ic  tape.  The  data  collected  are  divided  into 
two  groups.  Aircraft  state  parameters:  such  as  IAS,  true  airspeed  (TAS), 
(jitch,  roll,  and  yaw  attitudes,  vertical  speed  and  magnetic  heading,  and 
control  movement.  MLS  parameters:  received  raw  AZ  and  EL  angles,  DME  range, 
displayed  AZ  and  EL  angles,  and  MLS  signal  flags.  A  list  of  the  parameters 
collected  is  contained  in  table  4. 

Data  collection  started  at  the  4-nmi  DME  range  inbound  on  the  approach. 
Collection  terminated  when  the  aircraft  had  climbed  through  1600  feet  altitude 
on  the  missed  approach.  Events  were  marked  manually  by  the  data  collection 
technician  at  4  DME  inbound,  EL  angle  intercept,  DH ,  500  feet  radar  altitude  on 
the  missed  approach  and  1600  feet  MSL  on  the  missed  approach. 

Ground  tracking  (laser  and  extended  area  radar)  data  and  airborne  data  were 
merged  and  utilized  to  generate  plots  depicting  both  plan  and  profile  views 
of  each  procedure  relative  to  the  desired  course  (figures  9  and  10). 

The  data  collection  technician  was  responsible  for  maintenance  of  the  airborne 
flight  log.  This  log  provided  the  collection  of  subject  and  test  pilot 
comments  in  real  time.  Observer  logs  and  pilot  evaluations  were  analyzed  for 
overall  trends. 


FLIGHT  TEST  ANALYSIS 


Three  pilots  participated  in  the  project.  Below  is  a  listing  of  the  pilots 
experience  level  and  ratings: 

Pilot  1 

Commerc i al / Ins t rumen t  Rotorcraft-Heli copter 
400  hours  total  helicopter  time 
20  hours  in  the  last  6  months 
60  hours  actual /simulated  instrument  time 


TABLE  4. 


AIRBORNE  DATA  COLLECTION  SPECIFICATIONS 


Parameter 

Units 

Sample  Rate 
(Hz) 

Reso Iut ion 

Time 

Hours /m i  mi  t  es / sec ond  s 

N/A 

0.001  s  e  c  o nd 

ADO  Indicated  Airspeed 

knots 

2 

1  knot 

ADC  Vertical  Velocity 

Feet / sec  ond s 

2 

10  f  t /m  i  n 

Aircraft  Heading 

Degrees /magnet  ic 

2 

0.020 

Barometric  Altitude  29.92 

Feet 

l 

2  feet 

Radar  Altitude 

Feet 

O 

1.2  feet 

Vertical  Deviation 

Subject  Pilot  HSI 

Linear:  feet 

Dots:  as  scaled  on 

display 

Angular:  degrees 

2 

0.001  dots 

Lateriai  Deviation 

Subject  Pilot  HSI 

Angu lar:  degrees 

MLS  Azimuth 

Degrees 

2 

0.00-3 

MLS  Elevation 

Degrees 

2 

0.00  3 

MLS  Range 

Feet 

2 

4  f  t 

Along  Track  Distance 

F  net 

2 

4  ft 

MLS  Flags 

Cycle  Position 

Percent  of  full  seal'3 

0 

o.os 

Pedal  Pos i t i on 

Percent  of  full  scale 

2 

0.0  3" 

Collective  Position 

Percent  of  full  scale 

o 

0.0  3" 

Roll  Angle 

Degrees 

*> 

0.02  'i 

P i tch  Ang 1 e 

Degrees 

'■> 

0.02  t 

Event  Marker 

Discrete  code 

- 

Normal  Acceleration 

1  , 

20 

0.0  i  g 

TJ~ 


Pilot  2 


Airline  Transport  Pilot  Rotorcraft-Hel icopter 
2000  hours  total  helicopter  time 
50  hours  in  the  last  6  months 
300  hours  actual/simulated  instrument  time 


Pilot  3 


Airline  Transport  Pilot  Rotorcraf t-Hel icopter 
3000  hours  total  helicopter  time 
50  hours  in  the  last  6  months 
500  hours  actual/simulated  instrument  time 

The  flight  control  system  (SHZ-760)  was  very  different  than  the  SPZ-7000  DDAFCS 
used  in  the  certification  flights  in  New  York.  Only  one  of  the  subjects  rated 
the  approaches  as  flown  in  our  aircraft  acceptable  for  IFR  use.  The  other 
subjects  rated  the  approach  phase  as  needing  improvement  because  workload 
levels  in  maintaining  heading,  airspeed,  and  course  alignment  were  too  high. 
These  two  pilots  did  not  feel  that  any  of  the  approaches  would  be  acceptable  to 
fly  in  IMC  conditions.  Two  improvements  to  the  procedures  identified  in  the 
test  plan  resulted  in  a  reduction  in  perceived  workload.  They  were: 

1.  Use  the  airspeed  hold  coupled  to  assist  in  pitch  control.  Of  all  axes  to 
control,  pitch  was  considered  by  all  the  subjects  to  be  the  most  difficult.  By 
using  the  airspeed  hold  function  of  the  flight  director  coupled  to  the  flight 
control  system,  the  pilots  felt  they  reduced  the  workload  greatly. 

2.  Having  the  copilot  control  the  heading  by  use  of  his  tail  rotor  pedals  also 
greatly  reduced  the  perceived  workload  on  the  pilot  flying  the  approach. 

Without  the  Sperry  SPZ-7000  4-axis  flight  control  system  with  heading  hold, 
copilot  assistance  in  heading  control  would  reduce  pilot  workload  in 
maintaining  an  approach  azimuth. 

Wind  limitations  used  for  the  test  were  a  maximum  tailwind  and  crosswind  of 
15  knots.  The  same  limits  were  used  in  the  certification  tests.  The  weather 
was  better  than  5000  foot  ceiling  and  5  miles  visibility  for  the  data 
collection  flights.  The  winds  averaged  289°  at  12  knots,  which  yielded  an 
average  10-knot  direct  crosswind  component.  With  crosswind  components  greater 
than  this,  pilot  comments  indicated  that  the  "sideslip"  technique  for  flying 
the  azimuth  at  low  speeds  became  very  uncomfortable. 


CONCLUSIONS 


The  main  purpose  of  the  flight  test  was  to  provide  ASW-110  composite  flight 
path  plots  of  aircraft  track  from  the  decision  height  (DH)  through  the  missed 
approach  segments.  These  plots  were  used  to  determine  if  any  current  terminal 
instrument  procedures  (TERPS)  criteria  would  be  violated  by  reducing  minimum 
instrument  meterological  conditions  airspeed  CVm j n i )  to  40  knots  indicated 
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airspeed  (KIAS).  To  this  end  the  plots  indicate  that  there  were  no 
penetrations  of  the  20:1  missed  approach  surface  (see  appendix  E).  Figure  11 
shows  the  HL  data  for  the  three  approachs  angles  flown. 


The  maximum  deviation  allowed  by  TERPS  for  the  height  loss  (HL)  at  missed 
approach  rises  along  a  20:1  plane  which  begins  at  the  surface  or  250  feet  below 
the  missed  approach  point.  For  this  test  that  means  that  the  20:1  obstacle 
free  surface  begins  at  ground  level.  At  most,  only  a  40-foot  fly  under  at  DH 
was  detected  during  the  24  missed  approaches  flown.  Additionally,  from  the 
questionnaire  results,  the  subject  pilots  felt  that  the  transition  from  the 
approaches  to  the  missed  approaches  were  very  easy.  The  ease  in  flying  the 
missed  approach  is  due  mainly  to  the  decreased  rate  of  descent  on  each  of  the 
approaches . 


RECOMMENDATIONS 


1.  Altitude  loss  at  decision  height  (DH)  was  considerably  less  than  altitude 
loss  which  has  been  measured  at  higher  approach  speeds.  Pilots  felt  transition 
to  the  missed  approach  segment  could  easily  be  accomplished  with  a  40-knot 
approach  speed.  To  be  able  to  provide  conclusive  statistics  on  the  missed 
approach  phase,  a  much  larger  pilot  sample  would  be  required.  The  sample 
should  consist  of  12  subject  pilots  replicating  each  of  the  three  approach 
profiles  three  times.  This  would  result  in  nine  approaches  per  subject. 

2.  Ideally,  this  flight  test  should  be  conducted  in  an  approved  SPZ-7000 
aircraft  configuration.  If  this  cannot  be  accomplished,  then  it  is  requested 
that  ASW-110  assist  ACT- 140  in  determining  what  has  to  be  done  to 
satisfactorily  emulate  an  SPZ-7000  automatic  flight  control  system  (AFCS)  in 
S-76A  registry  number  N-38 . 


3.  A  flight  test  should  be  performed  at  the  Technical  Center  evaluating  2  cue 
vs  3  cue  flight  directors  for  microwave  landing  system  (MLS)  steep  angle 
approaches  to  heliports.  This  study  would  provide  ASW-110  with  potential  uses 
of  flight  directors  for  reducing  pilot  workload  when  flying  steep  angle 
approaches  to  heliports.  This  could  also  provide  ASW-110  with  a  data  base  to 
make  cer t i f icat ion  decisions  as  to  benefits  or  restrictions  of  the  majority  of 
systems  currently  in  use  by  the  majority  of  the  helicopter  population.  This 
test  would  identify  any  operational  2  cue  benefits  for  steep  angle  approaches. 
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To  ANE-150 

This  is  in  response  to  ANE-150’s  subject  letter  dated  April  24,  1965. 

The  following  guidance  should  be  used  to  evaluate  and  approve  transport 
category  helicopter  approach,  landing,  and  missed  approach  procedures 
using  airspeeds  below  until  such  time  as  further  regulatory 

actions  are  completed.  This  guidance  may  be  modified  as  a  result  of  the 
S-76  evaluation  conducted  by  ASW-110  and  ANE-150  representatives. 

In  addition  to  the  requirements  of  Appendix  B,  Part  29,  the  following 
shall  be  required. 

a.  Airspeeds  below  Vjvjini  may  be  used  only  during  approach, 
landing,  and  missed  approach  procedures. 


b.  During  a  missed  approach,  the  helicopter  must  be  safely 
controllable  and  maneuverable  while  accelerating  from  the  minimum  approved 
approach  speed  to  Vy j  while  using  not  less  than  maximum  continuous  power. 

c.  Static  longitudinal  stability.  For  approach  airspeeds  below 
VMINI*  the  longitudinal  control  position  and  force  versus  speed  curves 
must  not  have  a  negative  slope  within  a  range  of  airspeeds  *5  knots  either 
side  of  any  airspeeds  between  V^ini  and  the  higher  of  25  knots  or  the 
minimum  approved  approach  speed,  with — 


(1)  The  helicopter  trimmed  at  V^xNI  an^  the  higher  of  25  knots 
or  the  minimum  approved  approach  speed; 

(2)  Power  required  to  maintain  a  3°  glideslope  and  to  maintain 
the  steepest  approach  gradient  for  which  approval  is  requested;  and 

(3)  Landing  gear  extended,  if  applicable. 

(*t)  A  return  to  trim  airspeed  is  not  required  at  airspeeds  below 

VMINI* 

d.  Dynamic  stability  for  approach  speeds  below 


(1)  Any  oscillation  having  a  period  of  less  than  5  seconds  must 
damp  to  one-half  amplitude  in  not  more  than  two  cycles. 

(2)  Any  oscillation  having  a  period  of  5  seconds  or  more  but 
less  than  10  seconds  must  be  damped. 

(3)  Any  oscillation  having  a  period  of  10  seconds  or  more,  or 
any  aperiodic  response,  may  not  achieve  double  amplitude  in  less  than 
10  seconds. 

e.  The  need  for  additional  equipment,  systems,  and  installations 
should  be  evaluated. 

The  following  background  information  is  provided  for  the  FAA 
representatives  to  consider  during  their  evaluation: 

a.  The  requirement  f or  a  radar  altimeter.  FAA/NASA  studies  have 
indicated  this  equipment  and  systems  are  necessary  during  approaches  at 
speeds  below  n I •  Helicopters  using  approach  speeds  below  V^iki 
will,  in  most  cases,  use  approach  gradients  (glideslopes)  steeper  than  tne 
normal  3°  ILS  glideslope.  A  6°  gradient  was  used  during  most  of  the 
FAA/NASA  studies.  Even  at  low  or  decelerating  approach  speecs,  the 
steeper  gradients  result  in  a  relatively  high  rate  of  descent  at  decision 
heights  (and  assumed  Breakout  from  IM C  to  VMC).  The  pilot  will  accept 
these  higher  rates  of  descent  with  a  radio  altimeter,  but  some  concern  was 
expressed  by  some  of  tne  pilots  during  the  FAA/NASA  studies  if  a  radic 
altimeter  was  not  available.  Significant  advantages  were  also  found  when 
the  radio  altimeter  was  used  for  annunciation  of  decision  height. 

b.  The  requirement  to  provide  display(s)  which  provide  the 
relationship  of  speed,  position,  and  landing  area.  FAA/NASA  studies  have 
indicated  that  it  may  be  necessary  to  provide  a  display  of  progress  of 
speed,  position,  and  landing  area.  The  low  approach  speeds  greatly 
amplify  the  effect  of  any  wind  and,  as  the  windspeed  nears  the  approach 
airspeed,  the  groundspeed  of  the  helicopter  may  become  so  low  that  the 
rate  of  closure  to  the  landing  site  Is  unacceptably  low. 

The  relative  direction  of  the  wind  to  the  helicopter  and  desired  approach 
path  may  also  Induce  significant  tracking  problems.  The  helicopter  pilot 
desires  a  display  that  shows  his  relative  position  to  the  landing  site  and 
the  rate  of  closure  to  the  landing  site  such  as  that  visually  perceived 
during  a  visual  approach.  As  a  minimum,  a  distance  measuring  equipment 
(DME)  system,  in  conjunction  with  the  ILS/MLS,  would  fulfill  this 
requirement;  however,  since  this  requires  the  busy  pilot  to  mentally 


integrate  the  DME  display  to  determine  closure  rate,  the  otjective  of  the 
requirement  is  meant  to  be  an  incentive  for  new  systems  nearer  to  meeting 
tne  desires  of  the  pilot.  The  addition  of  a  groundspeed  readout  display 
wo-id  be  preferred  over  a  normal  DM£  display  only. 

c.  Airspeed  systems.  An  airspeed  system  that  provides  repeatable 
information  is  necessary  for  control  during  low  speed  final  approach 
segment.  The  accuracy  and  calibration  requirements  of  Part  29  are  not 
changed.  Precise  or  accurate  airspeed  information  is  much  less  a 
requirement  than  repeatatle  airspeed  information.  Satisfactory  procedures 
and  control  car.  be  readily  developed  and  used  with  a  repeatable  airspeed 
indication.  Translational  lift  has  a  significant  effect  on  pitot-static 
airspeed  systems;  however,  proper  design  permits  steady  and  repeatable 
indications  when  decelerating  tc  translational  lift  airspeed.  This 
requirement  does  not  exclude  the  use  of  nonpitot-static  airspeed  systems 
cut  is  not  intended  to  require  them. 

d.  Flight  control  guidance  system.  FAA/NASA  studies  have  indicated 
that  a  flight  control  guidance  system  that  consists  of  either  an  automatic 
approach  coupler  or  a  flight  director  system  may  be  required.  With 
approach  speeds  below  about  50  knots,  the  tracking  task  becomes  difficult 
because  any  wind  or  turbulence  is  a  larger  percentage  of  the  airspeed. 
Besides  the  physical  relationship  (i.e.,  groundspeed  vs.  airspeed  vs. 
aerodynamics )  that  a  wind  will  generate,  the  pilot  roust  "learn"  tnat  large 
corrections  are  required.  A  simple  example  of  the  difficulty  of  the 
approach  can  be  envisioned  where  a  crosswind  velocity  equals  the  forward 
velocity  of  the  helicopter.  In  this  case,  the  required  correction  to  stay- 
on  the  localizer  centerline  is  90°  and,  of  course,  the  helicopter  would 
never  get  to  the  heliport  unless  some  other  correction  was  made.  The  slow 
airspeed  helps  to  keep  this  from  being  an  impossible  task,  but  the 
integration  of  the  data  to  provide  the  right  corrections  must  be  made  for 
the  pilot,  not  by  the  pilot. 

Consistent  with  the  FAA  commitment  to  the  Rotorcraft  Master  Plan, 
the  Rotorcraft  Certification  Directorate  considers  this  new  area  of 
instrument  flight  to  be  a  significant  project.  Mr.  J.  S.  Hor.aker, 

ASW-111,  is  assigned  as  Project  Officer.  Mr.  Honaker  will  plan  to  attend 
necessary  meetings  with  Sikorsky  as  a  certification  team  rr. ember  and 
participate  in  FAA  test  flights  as  an  observer  as  agreed  during  the 
PAA/Sikorsky  meeting  on  March  29,  1985.  We  request  that  you  keep 
Mr.  Honaker  advised  of  the  project  schedule. 
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ItuCKHATIO; :  Evaluation  of  Sikorsky  3-76  helicopter 
for  Precision  Approaches  (iL-3  and  LL5)  at  Airspeeds 
Below  Existing  VBiaI 

ORIG'Naj.  SiG*“,rp> 

James  Eniae 

Flight  Operations  Analyst,  ACV-14G 

helicopter  Program  Manager,  APH-720 
Thru:  helicopter  technical  Prograti  Manager,  AC1-149 

The  purpose  of  this  memorandun  Is  to  identify  the  requirement  for  a 
"quick-look’  flight  test  activity  to  explore  the  operational 
characteristics  of  a  lower  during  precision  approach  and 

aisaed  approach  operations  to  a  helipad. 

As  you  are  aware,  ITl'l  Sikorsky,  Paul  Balfe  (AKL-15C),  Paul  Paidley 
CAEh-270),  and  Eric  Dries  (ASW-110)  have  recently  cocpleted  an  evaluation 
of  the  3-76  heiicoptci  for  precision  approaches  (iiLf  anJ  Il£)  at 
airspeeds  below  the  existing  \E«n'  of  K1A5.  It  appeara  f  ror 
the  trip  report  completed  by  ATt-'-llO  (attachnent)  that  Sikorsky  will 
request  certification  for  a  40  lELnS  Vninj  to  a  flu  of  200  feet  for 
glidepath  angles  up  to  7.5°. 

Vhcre  la  no  doubt  in  ny  nind  that  these  numbers  arc  feasible,  however, 
there  nay  be  some  impact  on  7ERPG  during  a  nissed  approach.  Of  concern 
Is  the  tlue,  distance  and  altitude  loss.  If  any,  inherent  with, 
accelerating  from  Dii  at  40  1*T3  pay  be  significantly  different  than  the 
profile  froo  DU  at  60  KVS.  ioo,  tl»e  40  Ill’S  profile  may  penetrate  the 
existing  or  planned  TERP3  missed  approach  surface.  This  perceived 
difference  would  result  f rou  the  fact  that  when  executing  a  aibsel 
approach  fron  a  speed  below  V’t01.B;  first  increase  collective  to 
obtain  takeoff  torque  and  then,  albeit  alBultancou6,  accelerate  forward 
to  52  K.IAS  (Vt0E8)  before  attempting  to  establish  a  positive  rate 
of  cllob. 

1  have  discussed  this  matter  with  Lric  Bries  and  we  feel  that  a 
quick-look  flight  test  would  demonstrate  a  trend,  if  any,  associated  with 
procedures  at  the  lower  VBjnj.  Ue  feel  this  information  would  be 
of  benefit  to  both  support  certification  Issues,  and  substantiate  any 
TE UPS-related  issues. 
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As  planned,  chit  test  would  consist  of  C  approaches/niased  approaches  to 
a  Di.  of  20 C  feet  at  each  of  the  elevation  angles  of  3°,  6°,  and 
7.5°.  Ziiea?  approaches  would  be  flown  by  pilots  using  raw  data 
guidance  information  and  within  the  equlpnent /guidelines  contained  In 
at tac  incut  1.  inis  activity  could  be  coupleted  during  October  with 
approxioatcly  t  hours  of  flight  tine  it.  tue  f’-7t.  and  we  would  provide 
t.ic  resultant  data  emsiatant  with  previous  heiicoi  ter  'fJjil'S  flight 
tests.  Please  note  that  our  •  Bfxj  work  was  originally  sclicduled 
for  January  iCZC,  but  Is  being  accelerated  due  to  the  expressed  interest 
f ror.  AiU.-ll". 


if  there  are  any  questions  or  comonts  concerning  this  natter,  please 
contact  me  at  r.'h  4"I-C3CV..  If  you  art  in  agreement  with  this  proposed 
flight  test  activity,  please  aee  to  It  that  AVT-Z1C'  proviJes  a  fomal 
request,  together  with  any  required  additions/chtnges  to  this  office. 

Attac  hrser.  t 


t 

.i  J  i  - 1 4  C  :  J  hi .  i <  L  :  x  C  ft  Oi  :  d  1  b :  0/  2  0/  3  5 :  ( ,U  1JJ  )  :  0 1 1>  b 


APPENDIX  C 

ASW-110  LETTER:  EVALUATION  OF  SIKORSKY  S-76 
HELICOPTER  FOR  PRECISION  APPROACHES  (MLS  AND  ILS) 
AT  AIRSPEED  BELOW  EXISTING  Vmini 


A'vV 


KM 


w 


© 


Memorandum 


U  S  Department 
of  T ransportation 

Federal  Aviation 
Administration 


INFORMATION:  Evaluation  of  the  Sikorsky  S-/6A  Helicopter 

for  Precision  Instrument  Approaches  Using  Final  approach 
Airspeeds  Below  V 


Ronald  L.  Vavruska 

Manager,  Boston  Aircrcraft  Certification  Office,  ANE-150 


SEP  6  1985 


Manager,  Helicopter  and  Policy  Procedures  Staff,  ASW-110 

Sikorsky  Aircraft  requested  FAA  certification  criteria  and  policy  for  IFF 
approaches  at  final  approach  airspeeds  below  V  .  .  in  Sikorsky  letter 
CAL-85-85JO  dated  April  2,  1985-  The  Rotorcra?tn£ertif ieation  Directorate 
provided  guidance  for  evaluating  the  low  speed  1FR  approaches  in  a  letter 
to  ANE-150  dated  May  20,  1985.  An  evaluation  of  the  low  airspeed  final 
approaches  was  flown  by  Mr.  Paul  J.  Balfe,  ANE-156,  during  the  period 
May  21  through  31,  1985.  The  attached  report  covers  the  results  of  this 
test  program. 

Wt  believe  the  Sikorsky  S-76A  equipped  with  the  Sperry  SPZ-7090  DD.AFCS 

operating  in  the  ATT  mode  demonstrated  acceptable  flight  characteristics 

during  instrument  final  approaches  using  airspeeds  between  V  .  .  and  AO  KIAf 

mini 

with  the  following  limitations: 

A  minimum  crew  of  two  helicopter  instrument  rated  pilots. 

2.  A  minimum  approach  airspeed ^of  AO  K1AS. 


.o  maximum 


win4  component  of  15  knots. 


A.  The  maximum  glideslope  is  7.5  degrees. 

5.  A  suitable  groundspeed  indicator  must  be  available  (DME/P,  DME , 

LORAN  C ,  RNAV ,  etc.). 

6.  A  suitable  indication  of  the  deceleration  point  prior  to  glidepatb 
interception  (DME,  VOR  radial,  NDB,  MB,  etc.). 

7.  Installation  of  approved  instrument  precision  approach  receiver 
equipment  (1LS,  MLS). 

8.  An  approved  instruction  manual  (RFM  supplement,  etc.)  must  be 
available. 

9.  The  Sperry  SPZ-7000  flight  director  may  be  used  in  the  3  cue  mode,  but 

may  not  be  coupled  to  the  AFCS.  Coupled  AFCS  (automatic  pilot) 
approaches  below  V  are  not  authorized.  Flight  director  2  cue 

(azimuth  and  glidepatn)  approaches  are  not  authorized  at  airspeeds 

be  low  V  .  . . 
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This  configuration  also  demonstrated  compliance  with  the  guidance  provided  by 

the  Rotorcraft  Certification  Directorate.  With  your  concurrence,  we  will 

certificate  the  Sikorsky  S-76A  with  the  listed  limitations  for  precision 

instrument  final  approaches  using  airspeeds  between  V  .  and  AO  K1AS. 

mini 

The  guidance  developed  by  the  Rotorcraft  Certification  Directorate  provided  a 
helicopter  with  acceptable  flying  qualities  for  low  airspeed  precision 
instrument  approaches.  We  recommend  this  material  be  formalized  in  tve 
certification  requirements  for  helicopter  instrument  flight. 

At  tachme r.t 
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Advances  in  Decelerating  Steep  Approach 
and  Landing  for  Helicopter  Instrument  Approaches 


Paul  S.  Demko 

Electronics  Project  Engineer 
and 

CPT  James  H.  Boschma 
R&D  Technical  Operations  Officer 
USA  Avionics  R&D  Activity 


Abstract 


A  true,  total  operational  capability  for 
helicopters  during  instrument  meteorological  condi¬ 
tions  (IMC)  and,  in  many  cases,  during  night  fly¬ 
ing  conditions  will  not  be  realized, in  practice, 
until  the  nelicopter  pilot  is  provided  the  means 
with  which  to  oerform  the  same  decelerating  steep 
approach  and  Ending  (DSAL)  maneuver  during  IMC 
that  he  routinely  performs  under  visual  flying 
conditions.  This  means  that  the  helicopter  pilot 
must,  in  addition  to  being  provided  the  means  with 
wnich  to  safely  guide  his  helicopter  along  a  pre¬ 
cise  steep  angle  approach  course,  be  provided 
the  means  with  which  to  perform  a  normal 
deceleration  to  a  safe  approach  termination  within 
a  confined  landing  zone.  This  maneuver  must  be 
accomplished  without  any  visual  reference  to  the 
outside  world.  Microwave  landing  guidance  systems, 
complete  with  the  necessary  precision  CME,  working 
through  unique  T?tue/4-axis  flight  director  (FD) 
and  autopilot  (AP)  systems  .have  now  extended  the 
oelicopter's  formerly  visual  DSAL  capabilities  into 
the  IMC  domain.  The  intent  of  this  paper  is  to 
brief  the  reader  on  how  this  capability  has  been 
achieved. 


This  paoer  describes  the  instrument  decelerat¬ 
ing  steeo  approach  and  landing  techniques  which 
were  pioneered  by  the  U.S.  Army  Avionics  R&D 
Activity  and  expounds  on  work  done  by  Sperry  Flight 
Systems  both  independently  and  under  Army  contract 
(see  references) . 


Background 


Historically,  the  helicopter's  true  Vertical 
Take-off  and  Landing  (VTOL)  capability  has  been  ex¬ 
ploitable  only  under  favorable  weather  conditions: 
that  is,  the  helicopter  pilot  could  perform  a  de¬ 
celerated  steep  approach  and  landing  to  touchdown 
or  hover  into  a  confined  landing  area  only  when  he 
could  see  that  landing  area  from  a  sufficient  dis¬ 
tance  to  perform  a  comfortable  deceleration  to  a 
safe  stop.  Suitable  avionics  have  not  existed  to 
extend  this  capability  to  operations  in  instrument 
weather  or  at  night.  The  standard  procedure  under 
these  adverse  conditions  has  been  to  fly  the  heli¬ 
copter  in  essentially  the  same  manner  as  fixed-wing 
aircraft  in  a  fixed-wing  Air  Traffic  Control  (ATC) 
system,  performing  shallow  (3°)  glideslope  Instru¬ 
ment  Landing  System  (ILS)  constant  speed  approaches 
to  conventional  runways.  This  fixed-wing  instru¬ 
ment  meteorological  condition  (IMC)  approach  to 
helicopter  operations  is  wasteful  of  the  helicop¬ 
ter's  most  unique  and  most  valuable  capability,  its 
ability  to  make  steep  decelerating  approaches  to  a 
hover  into  confined  landing  sites.  Under  these 
conditions,  this  unique  utility  of  the  helicopter 


is  obviously  not  being  used.  Furthermore,  within 
today's  ATC  system,  serious  traffic  conflicts  often 
arise  when  the  slow  helicopter  competes  with  the 
fixed-wing  aircraft  for  the  use  of  the  ILS  facili¬ 
ties. 


The  stereotyped  fixed-wing  operational 
scenario  for  the  helicopter  under  IMC  should  now 
be  changed.  The  same  kind  of  Decelerated  Steeo 
Approach  and  Landing  (DSAL)  into  confined  landing 
sites  which  is  performed  visually  can  new  oe  per¬ 
formed  completely  on  instruments.  Army  helicopter 
flight  tests  under  simulated  IMC  have  clearly 
demonstrated  the  safety  and  practicability  of 
this  fact. 


^The  key  to  the  helicopter's  ability  to  perform 
the  DSAL  maneuver,  under  any  conditions  .is ,  of 
course,  its  ability  to  decelerate  along  a  precisely 
defined  glideslope  and  1  oca  1 i zer  course  to  a  zero 
forward  and  vertical  velocity  with  respect  to  the 
ground  by  the  time  it  has  reached  its  touchdown 
pad. 


Two  recent  AVRADA  developments  now  make  the 
IMC  DSAL  maneuver  feasible.  The  first  of  these  is 
an  extremely  accurate  Ku-band  landing  guidance 
system  which  provides  precision  localizer,  glide- 
slope  (selectable  from  3  through  12  degrees),  CME 
range  and  DME  range  rate  guidance  to  the  landing 
aircraft.  One  particular  man-portable  model  of 
this  system  has  even  been  made  small  enough,  less 
than  40  inches  high  and  60  pounds,  to  be  carried 
to  almost  any  site  and  set  up  within  less  than  five 
minutes.  The  second  development  is  a  4-cue  flight 
director  system  that,  with  guidance  from  that  land¬ 
ing  system  as  its  primary  input,  computes  control 
motion  or  stick  position  commands  for  the  pilot's 
cyclic,  collective  and  pedals  to  accomplish  the 
DSAL  maneuver  along  a  precision  course  to  hover  or 
touchdown  in  the  desired  LZ.  In  fact,  the  maneuver 
is  accomplished  automatically,  hands-off,  when  the 
commands  are  coupled  to  the  helicopter's  4-axis 
autopilot  system. 


The  most  attractive  aspect  of  the  technology 
described  is  that  it  is  here  today  for  the  user  who 
might  be  bold  enough  to  desire  full  utility  from 
his  VTOL  assets  even  when  the  weather  does  not 
cooperate. 


The  Deceleration  Maneuver 


The  prerequisite  to  any  successful  helicopter 
landing  is  the  deceleration  maneuver.  This  fact 
is,  of  course,  obvious  to  the  helicopter  pilot  who 
performs  this  maneuver  in  a  predictably  routine 
manner  every  time  he  makes, a  vFR  approach  to  a 
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lancing  pad.  All  tnat  neeas  to  be  done,  then,  for 
helicopter  I Mr  landing,  is  to  extrapolate  this  de¬ 
celeration  capability  into  the  IMC  domain. 

The  norma'  helicopter  VFR  OS AL  maneuver  is 
usually  initiated  at  some  constant  velocity  (e.g., 
60  knots)  and  proceeds  as  such,  until  at  some  pre¬ 
scribed  distance  from  the  touchdown  pad,  the  pilot 
executes  the  deceleration  maneuver  in  order  to 
arrive  safely,  to  a  hover  or  touchdown,  at  a  pre¬ 
cise  spot  within  the  desired  LZ.  In  VFR  weather, 
the  pilot  usually  determines  the  point  at  which  he 
must  begin  the  deceleration  from  the  LZ  sight  pic¬ 
ture  and  apparent  closure  rate.  This  closure  rate 
is  sometimes  referred  to  as  the  constant  apparent 
ground  speed  and  becomes,  in  reality,  the  deceler¬ 
ation  maneuver.  The  deceleration  usually  proceeds 
at  approximately  a  . 05G  rate  to  approach  termina¬ 
tion.  Figure  1  is  an  illustration  of  the  typical 
deceleration  curve.  If  the  deceleration  curve  is 


NOTE  1 


NOTE  2: 


DISTANCE  TO  DECELERATE  TO  STOP  AT  .05G 
DECELERATION  RATE  =  3125  FEET  FRO*  60 
KNOTS. 

TIME  TO  DECELERATE  TO  STOP  AT  ,05G 
DECELERATION  RATE  =  62.5  SECONDS  FROM 
60  KNOTS. 


bOO. 
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500. 

FT 

*iOO. 

300- 
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CLOSURE  RANGE  RATE  ALONG  GLIDESLOPE  VERSUS 
SLANT  RANGE  TO  HOVER  OR  TOUCHDOWN 


o  i  Z  $  * 

SLANT  RANGE  -  FT  X  1000 

FIGURE  1.  Helicopter  decelerating  Approach 
prof i 1 e. 

intercepted  at  60  knots,  the  pilot  requires  about 
3000  feet  to  stop  in  the  normal  manner,  without 
exceeding  the  comfortable  deceleration  of  about 
.  05G. 

The  deceleration  distance  remains  essentially 
constant  regardless  of  the  approach  angle  (i.e., 
glideslope)  the  pilot  has  selected;  in  other  words, 
you  still  need  3000  feet  to  stop  whether  you’re 
flying  a  3°  approach  or  a  12°  approach  if  you 
initiate  the  deceleration  from  60  knots.  If  this 
distance  Is  translated  into  height  above  touchdown, 
as  in  Figure  2,  we  see  immediately  that,  as  the 
approach  angle  goes  up,  so  too  must  the  Height  Above 
Touchdown  (HAT)  at  which  the  pilot  MUST  HAVE  VISUAL 
CONTACT  WITH  HIS  LZ  IF  HE  HAS  NO  CAPABILITY  TO 
DECELERATE  AND  LAND  UNDER  IMC.  We  see  from  Figure 
2,  for  example,  if  the  ability  to  pe’-form  the  IMC 
DSAL  maneuver  is  lacking  and  a  9°  glideslope 
approach  angle  Is  required  to  get  into  a  particular 
LZ,  then  the  pilot  must  have  visual  contact  with 
his  intended  LZ  at  roughly  490  feet  HAT, 


FIGURE  2.  Glideslope  angle  versus  height  above 
touchdown  required  for  initiation  of 
decelerating  approach  to  confined 
landing  area. 

Lacking  the  capability  to  perform  tne  DSAL 
maneuver  under  IMC,  it  is  dangerous  to  think  of 
performing  helicopter  IMC  approaches  into  confines 
LZ’s  to  a  fixed  Decision  Height  (DH)  (e.g.,  Cate¬ 
gory  II  -  100  foot  DH).  If  this  is  attempted,  as 
the  glideslope  angle  is  increased,  the  d'stance 
available  for  the  pilot  to  decelerate  to  h’.s  land¬ 
ing  spot  in  a  LZ  is  decreased  {from  the  3000  feet 
required)  while  at  the  same  time  his  vertical 
velocity  at  DH  and  the  magnitude  of  the  visual 
deceleration  after  breakout  is  drastically  increase: 
Figure  3  is  an  illustration  of  these  mutually 
hazardous  effects.  For  example,  from  Figure  3,  if 

HAT  VS  DECELERATION  DISTANCE  AND  RATE  FOP.  VARYING 
GLIDESLOPE  ANGLE  WITH  CONSTANT  RATE  OF  DESCEN’ 


HAT -FT 

too- 


Ar  $/  // 

VS/  Sv 
i  V  jy 


DISTANC 


I  t  *  4 

GAINING  TO  DECELERATE  -  FT  X  1000 


.33  .kb  .12  .06  OS  -Of 

DECELERATION  RATE  REQUIRED  -  G  UNITS 

Figure  3.  Non-decelerating  approach  to  fixed  HAT 
(60  knot  constant  speed  to  HAT). 

a  pilot  attempts  to  approach  to  a  LZ  under  IMC  at 
60  knots  along  a  9°  glideslope  anc  does  not  expect 


60  knots  along  a  9  glideslope  anc  does  not  expect 
to  achieve  visual  contact  with  that  LZ  until  reach¬ 
ing  a  DH  of  100  feet  HAT,  then  he  would  be  left  with 
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only  640  of  the  3000  feet  he  needs  to  decelerate 
and  land  .and  be  required,  to -perform  that  decelera¬ 
tion  at  .24G  or  5  times  the  normal  rate.  The 
chances  of  performing  such  a  maneuver  without' suf¬ 
fering  serious  consequences  is  doubtful.  If,. on 
the  other  hand,  the  pilot  could  begin  his  nominal 
.05G  deceleration  while  still  in  IMC  at  roughly 
3000  feet  from  the  LZ,  his  vertical  and  forward 
velocity  would  be  such  that,  from  the  point  he 
achieved  visual  contact  with  his  LZ  at  100  feet  HAT, 
he  could  continue  a  normal,  steep,  9°  visual 
approach  to  his  desired  spot  in  that  LZ  (see  Figure 
4).  In  fact,  if  he  could  perform  the  deceleration 

HAT  VS  DECELERATION  DISTANCE  AND  RANGE 
RATE  FOR  VARYING  GLIOESLOPE  ANGLE  WITH 
DECELERATING  RATE  OF  DESCENT 
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6  12  3^ 

DISTANCE  REMAINING  TO  DECELERATE  -.FT  X  1000 


\  O  it  31  38  Hi 

RJJNGE  RATE  -KNOTS  ..  /. 

Figure  4.  Decelerating-  approach  to  fixed  HAT’ 

( .05G’ constant  deceleration  initiated 
from  60  kftOts' at  3125  ft  from  touchdown). 

'■  *  A  •  ,  1 

maneuver  under  IMC,. he- could,  with-the  proper  guid¬ 
ance  and  display/instrumentation  systems,  continue 
the  DSAL  maneuver  to  his  landing  spot  safely,  with¬ 
out  reference  to  any  outside  visual  cues.  The  pilot 
will  then  have-  successful ly  accomplished  under  IMC 
what  he  routinely  does  in  VFR.  The  implication  of 
a  capability  sych.  as'  this  is  clear:  the  utility  of 
the  helicopter  will  be  enhanced  significantly. 

The  Microwave  tandinq  System 
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Microwave  instrument  landing  systems, - such' as 
the  Army's  Tactical  Landing  System  (TLS)  (Figure  5) 
and  Man  Portable  Scanning  Beam  Landing  System 
(MPSBLS)' (Figure  6),. provide  the  guidance  signals 
required  to  perform-the  DSAL  maneuver  under  IMC.- 
The  MPSBLS,  for  example,  -Is.  a.mlniature  landing  , 

?u1dance  system  ground  equipment  which-  weighs  In. 

less  batteries) ■ at  less  than  60, pounds,  stands 
about  3  feet  .tall,  encloses  a  volume -of  about  2.5 
cubic  feet  and  can  be  moved  around  easily  by  one 
man.  In  fact,  one  man  can  set  the  system  up  and 
have  it  completely  operational  in  less  than  5 
minutes.  The  MPSBLS  provides  very  precise  azimuth, 
elevation,  range,  range  rate  and  height  information 
(see- MPSBLS  Equipment  Highlights  -.Table  1 )  to 
helicopters  on  approach  when  used  with  the 
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Fl-rjre  5.  4 my  Tactical  Landinq  System 
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TABLE  1.  MPSBLS  Equipment  Highlights. 


I-strument  Landing  Set,  Airborne,  AN/ARQ-31 .which 
was  developed  for  the  Amy  under  the  TLS  program. 

T-e  VPSBLS  system  was  designed  specifically  for 
nelicocter  use  at  glideslopes  from  6  through  12 
degrees.  The  required  glideslope  angle  Is  selected 
by  an  'angle"  select  switch  on  the  AN/ARQ-31  control 
head  located  in  the  aircraft  cockpit  (see  Figure  7). 


Figure  7.  Control  for  AN/ARQ-31  Airborne  Landing 
Set. 


’er-aps  the  nest  Important  gu‘  dance  data  pro¬ 
vided  to  the  hellcopte'',  ‘"deed,  the  guidance  data 
that  -akes  the  IMC  'SAL  -a'e-.er  oosslble,  Is  the 
m^ge  a^d  range  rate  data  der'.ed  ''•cm  the  “PS3LS/ 
dRQ-31  Distance  Measjr1-g  Fdu ' :~»nt  ;QME).  The 


Size  (less  pedestal ) : 

29.5  In  H,  16.5  In  W,  16.5  in  0. 

Weight  (Including  pedestal,  less  batteries): 
59  lbs. 

Power  consumption: 

150  watts  total  from  any  24  VOC  source. 
Coverage  (localizer,  glideslope,  DME): 


-  30°  in  azimuth,  0  to  20°  in  elevation. 


OME  error  (  manufacturer's  specification): 

50  feet  or  -  25  of  range. 

RMS  angle  error  (manufacturer's  specification): 


0.3°  localizer,  0.2°  glideslope 


F-'gure  6.  Man  Portable  Scanning  Beam  Landing  System 
(MPSBLS). 


Update  rate:  4Hz. 

No.  of  channels: 

10  (15.412  to  15.688  GHz  ground  to  air). 
Antenna  beamwldths: 
localizer  -  6°  x  20° 
glideslope  -  4°  x  60° 

OME  -  6°  x  20° 


~he  landing  system  operates  at  Ku-band  (azimuth, 
elevation,  range  and  range  '■ate)  and  uses  scanning 
teams  to  generate  g 1  Ides’ ODe  and  localizer  guid¬ 
ance  ^.formation  as  does  the  carrier  based  Navy 
AN/SPN-41  and  Mar1ne  Remote  Are a  Approach  and 
Land'nq  System  (MRAALS1,  -sed  with  the  AN/ARA-63 
and  an/ARN-128  airborne  sets,  with  the  MPSBLS/ 
t^C-31  combination,  precise  gu ‘da-ce  Is  provided 
to  a'rcraft  all  the  way  to  touchdown. 


DME  range  data  establishes  the  exact  distance  of 
the  helicopter  from  the  touchdown  point  while  the 
range  rate  establishes  the  exact  closure  rate  of 
the  helicopter  with  respect  to  the  touchdown  point 
Knowing  these  two  parameters,  along  with  the  pre¬ 
cise  glideslope  and  localizer  parameters,  the  VFR 
type  deceleration  profile  can  be  computed  and 
flown  safely  to  hover  and  touchdown  under  zero-zer 
IMC  if,  of  course,  the  landing  guidance  Informatlo 
Is  properly  presented  to  the  pilot.  The  Importanc 
of  the  OME  range  and  range  rate  becomes  more  ob¬ 
vious  If  one  considers  that  the  reliability  of 
pitot-static  air  data  deteriorates  rapidly  below 
40  knots  indicated  airspeed.  Even  special  low  air 
speed  Indicators  are  of  marginal  use  because  they 
Indicate  speed  relative  to  the  air  mass,  not  rela¬ 
tive  to  the  landing  point.  Speed  and  distance 
relative  to  the  desired  landing  point  must  be 


definitively  established  if  the  helicopter  Is  to 
safely  land, In  IMC, at  that  point.  Precise  range 
and  range  rate  must  be  provided  by  a  precision 
landing  guidance  system. 


However,  the  best  quail *y  landing  guidance  datl 
In  the  world  Is  of  little  use  to  the  pilot  unless 
It  can  be  effectively  translated  Into  the  control 
movements  required  to  Intercept  and  maintain  the 
required  localizer,  glideslope  and  deceleration 
profiles,  which  leads  us  to  the  OSAL  Flight  Dlrectl 


The  OSAL  Flight  Director 


Actual  flight  test  experience  has  proven  that 
even  the  most  proficient  and  current  Instrument 
pilots  cannot  be  expected  to  Interpret  and  respond 


to  raw  data  Indications  of  localizer  and  glldeslow 
deviations  (needle  displacements  proportional  to  1 
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cal  1  y  adlressHq  He  performance 
*  v".n  ;*<"*  2'-; At  -jneuver  with  the  l-cue  FO,  It 
wcjld  :e  cenefical  to  review  tne  functions  of  the 
'2  c  h  ^i’f;  to  which  the  pilot  has  access  during 
- ' '  : r t .  're  pilot  ssl ects  the  vertical  'altitude 
-oil  or  approach) ,  Tonga  tudinal  (speed  hold  or  de- 
-.•‘-rjcign)  and  lateral  (heading,  vCR,  ADF  or 
localizer)  modes  -e  wishes  to  fly  on  the  'FLIGHT 
5aTH  CONTROL'  •; F P C )  which  is  in  the  console  located 
between  the  pilot's  and  co-pilot's  s?ats  (see 
Figure  3).  The  modes  the  pilot  lias  selected  are 


Figure  8.  Flight  Path  Control  (FPC)  for  Flight 
Oirector  System. 


annunciated  by  lights  in  the  rr’C  pjtt'ns  selected 
)rd  on  a  'flight  director  mode  annunciator"  panel 
located  in  the  top  center  of  the  pilot's  pr'mary 
i-str-rent  cluster  (see  rigures  4  lid  ’ ' : .  ’he 
pi'ot  se'ects  the  course  or  bea.j-*-g  te  wishes  to 
*■’’/  wl th  the  appropriate  nsurse  sec «ct  'r  "eading 
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select  knobs  on  'he  'mcriccntal  situation  indicator" 
(HSI)  (see  Figures  9,  10  and  11). 

Selected  airspeed  may  be  changed  through  the 
airspeed  "beep"  switch  on  top  of  tne  cyclic  grip 
and  a  go-arounj  or  missed  approach  mode  may  be 
activated  through  a  button  on  the  col’ective  grip. 

Paw  course  deviation  data  is  displayed  on  the 
HS I  along  with  t;/from  and  neading  situation  data 
(see  Figure  il).  It  is  important  to  note  that  -o 
FQ  ccrrrang  data  ’ s  presented  on  the  HSI.  'he  HST 
is  or inc’ oal ly  an  integration  of  the  cross-pointer 
course  deviation  indicator  and  the  radio-magnetic 
leading  indicator  and  displays  only  the  raw  s’tua- 
t’on  data  wnich  has  not  been  processed  by  the  rD 
computer . 

'no  indicator  of  or'mary  interest  to  the  pi’ot 
■s  tne  Atf'vde  Tirector  Irdicator  (ADI)  (see 
Figures  9,  10  ano  12).  This  is  the  indicator  that 
displays  tne  zotmand  data  wnich  has  been  ccmputed 
by  the  FO  computer  and,  as  such,  is  an  extension 
of  that  computer.  In  reality,  the  ADI  is  the  link 
between  the  -0  computer  and  the  pilot’s  eyes  that 
completes  the  FO  control  loop,  'herefore,  the 
pilot  simply  becomes  an  autopilot  servo  system  and 
is  relieved  of  the  requirement  to  scan  a  great  -any 
instruments  and  subsequently  figure  out  what  to  do 
with  the  readings  from  these  instruments,  ’'he  pilot 
is  simply  required  to  pass  along  the  ADI  servo 
comar, ds  to  the  "'light  controls. 

Four  commands  are  presented  to  the  pilot 
through  the  AOI  (see  Figure  12).  The  cyclic  roll 
command  bar  is  centered  by  causing  the  correct 
amount  of  (and  rate  of)  bank  through  the  correct 
use  of  his  lateral  cyclic  control.  The  cyclic  roll 
conmand  bar  thus  directs  the  aircraft  toward  and 
subsequently  causes  it  to  maintain  a  selected  head¬ 
ing"  or  VOR,  ADF,  TACAN,  go-around  or  localizer 
course,  'he  cyclic  pitch  or  speed  command  bar  is 
centered  by  causing  the  correct  amount  of  (and  rate 
of)  longitudinal  pitch  angle  change  through  correct 
use  of  the  fore-aft  cyclic  control .  The  cyclic 
pitch  or  speed  command  bar  thus  directs  the  air¬ 
craft  to  and  causes  It  to  maintain  a  selected  air¬ 
speed  or  to  follow  the  prescribed  range  rate  decel¬ 
eration  profile.  The  collective  (power)  command 
bar  is  centered  when  the  proper  amount  of  collective 
(up  or  down,  as  required)  has  been  applied  by  the 
pilot  to  control  the  rate  of  ascent  or  descent 
necessary  to  climb  (or  descend)  to  and  maintain  a 
preselected  altitude,  track  a  selected  glideslope 
or  establish  the  programed  rate  of  climb  during 
the  go-around  or  missed  approach  mode.  The  Pedal 
command  bar  is  in  view  at  airspeeds  below  45  knots 
when  one  of  the  lateral  FD  modes  is  being  flown. 

This  har  Is  centered  by  applying  that  amount  of 
pedal  required  to  align  the  aircraft  with  either  a 
preselected  course  (e.g.,  ’nbound  localizer  course) 
or  heading  (e.g.,  go-around  heading),  when  the 
pedal  command  bar  is  in  view,  priority  is  devoted 
to  centering  it  rather  than  the  turn  coordination 
ball.  The  pedal  command  bar  Is  especially  'mpor- 
tant  on  aircraft  lacking  jny  sort  of  ’-dece^dent 
heading  hold  mode  because,  if  properly  flown,  it 
prevents  the  a’rcraft  f^om  wea therv in i mg  info  the 
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ar  :n  tne  AO  I  will  -cw  be  ccmanding  the  proper 
,rns  to  maintain  the  correct  localizer  intercept 
■ask  course  as  determined  by  the  DSAL  FD  computer 
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Therefore,  simply  by  seeping  all  of  his  GSAL 
FD  command  cues  centered  on  tKe  ADI,  the  pilot, 
without  the  burden  •*'  calculating  his  motions,  will 
be  providing  tne  proper  control  inputs  to  safely 
and  comfortably  gu’de  tne  aircraft  to  a  precse 
hover  point  without  visual  reference  to  objects  out' 
side  the  cockpit  (about  a  5  to  10  foot  hover). 


Pr’or  to  commencing  the  FD  DSAL  maneuver,  tse 
pilot  will  know  a  sa^e  go-around  or  missed  acprcach 
heading.  During  the  DSAL  maneuver,  he  will  dial  m 
this  heading  with  the  heading  select  knep  on  the  -iS I 
(this  will  have  no  effect  on  the  FD  at  this  time 
since  the  rD  is  computing  turns  via  localizer  coursi 
deviation  data).  If  at  any  point  during  the  GSAL 
maneuver,  down  to  and  including  the  hover  or  touch¬ 
down  in  the  LZ,  the  pilot  determines  that  any  .nsafi 
condition  exists,  he  can  execute  the  FD  go-arcund 
(G/A)  maneuver.  The  p i 1 o t  terminates  the  GSAL  ma¬ 
neuver  the  instant  ne  Pushes  the  G/A  button  on  ms 
collective  control  ’ ever  and,  by  centering  the  rG 
cues  prec’-ae'y  a \  ”e  -v;  vne  'or  tHe  enroute  irj 
jSAL  "are  . . ere ,  -e  «i  ”.  “e  providing  the  control 
Inputs  '*.?  :-j  •  -ed  ’  •  ’  ’  •  :■  about  ’GO  feet  per  -•  '^te 
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Figure  11.  Legend  for  Horizontal  Situation  Indicator  (HSI)  functions  (navigation  situation/position/ 
Heading  indicator). 


j  i  }  T  T  T  •  '  -\  z  '  ‘  i  r  f  y 

:v:l:c  =i~:h  (speed) 

'"•'fjQ  n-j 


ildt  centers  Pir  with  proper 


w  T7- 


,  r*  >  —  ■  -  i  <  - T  J  j 

ore.' art  c^rl’c  -ovemer.t  to  jj  -  J  • 

chieve  correct  r-jse  dcwn/up  /  o  i  , 


'itch  attitude. 

CLLECTI'/F  (PC'.vEC,  CSM'-'AMD  ?AR/ 

ilot  ce iters  car  with  proper 
ol  "active  r.tve-ert  to  rairtai' 
orrect  rate  of  descent  or  , 
scent.  / 

RTIFICIAL  ur i i -’r.j _ / 


C~X. 


E3  •€* 


pilot  co1’  t  a 's  ca 
with  p .  • :  a  I o  '  r 


ROLL  DEMAND  BAR 

Pilot  centers  Par  with  proper 
le't/r-got  cyc1;c  movement  to 
acnieve  correct  -oil  attitude. 


Vprpjrf  : 


:EA,FNCE  SYMqCL 
lEVIA'ICN  I  !.?T  7A7DR 


Stir  -EIGHT  ASOVE  TOUCHDOWN  INDICATE 


r E ?'L  ir-'ALD  3AR 
-  1 1  c t  centers  Kar  with  proper 
left, right  pedal  movement  to  acnieve 
correct  neadiny  -  active  below  A3  *n 

■ATTITUDE  PITCH  TRIM  <\03 


■■•5 end  (~>r  Att't.de  Director  ;• 
•.rrand/  itti  tw  ie  m^ca^or)  • 


atar  a 01 ;  f.Jnctipns  (cyclic,  collective,  pedal  control 


'  1-1  <5-3 


sLV.W.A 


.rwwv 


accelerate  to  a  safe  airspeed  (about  70  knots)  and 
turn  to  and  maintain  the  preselected  G/A  heading, 

Sutmary  and  Conclusions 

The  previous  scenario  (eoroute  navigation,  IMC 
DSAL  and  go-around)  for  a  helicopter  IMC  operation 
is  not  a  hypothetical  scenario  -  it  has  been  rou¬ 
tinely  ana  reliably  accomplished  hundreds  of  times 
under  simulated  I^C  to  zero-zero  conditions.  It 
has  even  been  accomplished  with  hands  (and  feet) 
off  of  the  controls  by  coupling  the  FD  command  data 
(the  lata  that  goes  to  the  ADI)  to  the  4-axis 
autopilot  on  board  the  DSAL  oroject  aircraft  and 
allowing  it  *o  fly  the  DSAL  maneuver  by  itself. 

'we  Apcenoix  to  this  paper  contains  sample  data 
from  3  fd  (’ace led  'MANIA'  APPROACH'')  and  from  3 
Autopilot  ( ’ abel ed  '■Vj'T.M.a'IC  APPROACH")  approaches, 
'his  data  ■ s  an  illustration  of  the  performance 
that  has  tee''  aco’e.ed  with  the  4-cue/  4-axis  DSAL 
# I’-gnt  director.  autopilot  (FD/AP)  system,  with 
guidance  -'rom  a  scanning  beam  landing  system.  This 
data  shows  that  the  IMC  3SAL  maneuver  can  be  flown 
from  practically  any  intercept  altitude  (1000  feet 
and  300  *eet  shewn),  along  any  glideslope  (6  and 
12  degrees  Shewn)  by  either  the  pilot,  through  the 
FD,  or  by  *>e  autopilot,  to  a  stable  hover  over  the 
desired  ’arcing  point.  The  lata  shows  further, that 
when  that  -ever  'point  has  been  -eached,  it  is  with¬ 
in  1  to  5  *eet  :f  the  desired  glideslope  and  loca¬ 
lizer  oente-l i-es.  Mcst  importantly  .this  data 
illustrates  *nat  true  IMC  helicopter  approach  and 
landing  capaoiiity  is  here,  today,  for  those  who 
wish  to  use  it. 
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APPENDIX 


This  appendix  contains  sample  data  from  6  QSAL 
maneuvers,  'his  analog  data  was  recorded  on  a 
multi-channel  strip  chart  recorder  which  was  part 
of  the  DSAL  project  aircraft's  airborne  data  re¬ 
cording  system.  The  data  plots  are  "real-time" 
olots  of  glideslope  and  localizer  angular  tracking 
error  in  degrees,  along  with  range  and  range  rate 


performance.  Localizer  and  glideslope  deviations 
in  "feet"  from  centerline  are  superimposed  on  the 
angular  data  in  spots  representing  the  maximum 
displacements  from  course  centerline.  Note,  that 
all  approaches  converge  to  a  relatively  stable 
hover  over  the  spot  of  intended  landing. 
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